We study the effect of standardized external tests on students' academic outcomes. We exploit the fact that only one of the 17 Spanish regions started doing and publishing the results of standardized tests in 2005 to apply a difference-in-difference methodology, using outcomes of the PISA study from 2000 to 2009. We later confirm our results using synthetic control methods. Using data from a single country allows us to minimize biases arising from differences in legal frameworks, social or cultural environments. Our econometric analysis lends plausibility to the hypothesis that this type of test significantly improves student outcomes. A key novelty is that our exams do not have academic consequences for the students, so that effects have to come directly from the impact on teachers and administrators.
Introduction
External standardized tests allow the administration to better monitor the education process and outcome of the schools. In most of the countries that have these tests, the results of the exam are public and can be used by parents to make decisions. The existing empirical evidence is supportive of the hypothesis that countries with external exit-exam systems have a better performance in international student achievement tests. The first evidence for this was given by Bishop (1997) for students doing the 1991 IAEP math, science, and geography tests and Bishop (2006) with the PISA 2000 results.
Overall, the existing cross-country evidence suggests that the effect of external exit exams on student achievement may well be half or more of a grade-level equivalent, or between 20 and 40 percent of a standard deviation of the respective international tests (OECD, 2010 and 2012 and Hanushek and Woessmann, 2011 .
This evidence has been criticized on two grounds. First, these studies use crosssectional data and therefore the adoption of testing by a country is endogenous, and unobserved heterogeneity could bias the results. Second, the introduction of external tests may lead to "teaching to the test". However, some studies have found the same positive association between central exams and student achievement within countries where some regions have external exam systems and others do not have them. 2 This evidence rules out the possibility that unobserved national-level factors correlated with the existence of tests drive the observed positive correlation between those tests and students' outcomes. In addition, students in countries with national external exams have been found to achieve better results in other international tests such as PISA, PIRLS or TIMMS. To the extent that those tests are different in nature from national ones, this may rule out that "teaching to the test" is a main factor driving the better outcomes of students in countries or regions with national external exams.
A different difficulty of earlier studies is that they are not very clear on what are the channels through which exit exams are effective. This is because for the most part these exams have academic consequences for the students, thereby providing reasons for improvement both to the professionals and to the students. The present study uses a special feature of the Spanish education system to tease out school and student incentives, while at the same time controlling for biases arising from unobserved national-level heterogeneity and arguably also "teaching to the test".
The special feature to which we refer earlier is that the main Spanish education law (Ley Orgánica de la Educación, LOE 2006) allows the Regions to conduct education system assessments as long as the results are not used for grading students or ranking schools (article 140). That means Spanish exams are not "Curriculum-Based External Exit Examination (CBEEE)" as defined by Bishop (1997) , because such examinations should "offer signals of student accomplishments that have real consequences for the student and define achievement relative to an external standard, not relative to other students in the classroom or the school". This means that the effects of such exams in Spain, if any, have to come directly only from changes in incentives for schools, although in the end those can, and probably will, have an impact on the students' efforts. 3 A student with good grades in compulsory secondary schooling and a good mark in the CDI test obtains a certification with Merit or with Distinction, rather just a Certificate, but this has no implications for admissions to schools beyond the compulsory schooling, or for grants, nor is there evidence that employers look at those distinctions. For students with really extraordinary grades (only 25 a year in a region with over 50,000 students in the last year of compulsory secondary schooling) they can obtain an Extraordinary Award yielding a cash prize of 1,000 Euros and a trip to a "cultural destination". 4 Other regions have external standardized exams where all schools are tested, but Madrid is the only one publishing the results.
All the regions in Spain operate under the same legal framework regulating the principles, objectives, and organization of the different school levels (pre-primary, primary, compulsory secondary, post-compulsory secondary), as well as up to 65% (55% in historical regions) of the contents and subjects studied. Hence, along with the amount of public financing of schools, for which we can control, the other main observable difference in education between Spanish regions is the appearance in the period of study of this standardized external exam in Madrid whose results are published.
This feature allows us to conduct a difference-in-difference (diff-in-diff) analysis comparing the PISA results of the treated region (Madrid) before and after the CDI test was introduced with the rest of Spanish regions before and after the treatment. This diff-indiff approach allows us to control for the unobservable time-invariant factors affecting
Madrid. Dealing with regions of the same country we also exclude some unobservable effects that appear in cross-country studies with different legislations and cultures.
The fact that we are analyzing a single country also allows us to apply the new inferential methods of synthetic control for comparative case studies proposed by Abadie and Gardeazabal (2003) and Abadie et al. (2010) . We use a combination of other Spanish regions to construct a synthetic control region, which resembles relevant education characteristics of Madrid before the introduction of the CDI test. The subsequent education outcome evolution of this "counterfactual" Madrid without CDI is compared to the actual experience of Madrid. The idea behind the synthetic control approach is that a combination of units often provides a better comparison for the unit exposed to the intervention than any single unit alone. Transparency and safeguard against extrapolation are two attractive features of the synthetic control method relative to traditional regression methods.
Our results are also more protected than others from the critique that they are achieved by "teaching to the test". This is because our measure of outcome, namely, the results in the PISA exam, have somewhat distinct objectives and measure different things than the CDI exam in whose effect we are interested. The Madrid CDI exam questions evaluate knowledge and they are directly related to material seen in Language and
Mathematics classes during the academic year. In contrast, the PISA exam questions (called stimulus) are more related to cognitive processes (access and retrieve; integrate and interpret; reflect and evaluate) and on how to use knowledge in particular contexts. That is the PISA evaluation is more related to competencies whereas the Madrid CDI is more related to knowledge.
The paper is organized as follows. Section 2 describes in some detail the institutional setup and the CDI external and standard test. Section 3 discusses the data.
Section 4 discusses the econometric methodology and it contains the main results of the paper. Section 5 shows the results of the synthetic control methods. Section 6 concludes.
Institutional Setup
The In the PISA test, each participating student spends two hours carrying out penciland-paper tasks in reading, mathematics and science. The assessment includes tasks requiring students to construct their own answers as well as multiple-choice questions. In addition, students also answer a survey that takes about 30 minutes to complete and that includes questions about their personal background.
Description of the Data
The OECD. 6 The school characteristics are the type of school (public, charter or private), the location of the school (village, small town, town, city or large city), student/teacher ratio, school size, whether the school uses assessments to compare to district/national performance, whether the school uses assessments to make judgments about teacher's effectiveness, the proportion of girls in the school, the school average of ESCS index, the percentage of immigrant students in school, and school average learning time in Reading and Mathematics.
The tables below contain the descriptive statistics of these four groups, for the most relevant characteristics of students and schools. Madrid over the period (from 1% to 5%) whereas it remained constant in the control group (17% versus 16%).
If we look at the school characteristics, we observe a decrease in the number of private schools and an increase in the number of charter schools over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . This could be due to the fact that some private schools have demanded and achieved from the public administration their transformation into charter schools, thus lowering the fees to be paid by the student's families and avoiding losing enrolment. Nevertheless, the official data from the Statistical Office of the Spanish Ministry of Education, Culture and Sports shows that the rise in the students of charter schools has come from a reduction in the number of students in the public schools. This is in contrast of the PISA sample, which
shows that the rise of the students in charter schools come from a reduction in the private schools. That is, the PISA coverage of private schools decreased from 2000 to 2009 whereas the coverage of public schools increased. This could be explained by the fact that the sample of schools in cities or large cities in 2009 decreased whereas those in towns and villages increased.
Student/teacher and school size ratio decreased along the two periods. We also observe that the percentage of schools, which declare that they carry out assessments used to compare the school to district/national performance or assessments used to make judgements about teacher's effectiveness increased during the two periods and in both the control and the treatment group. In summary, the descriptive statistics show that the trends that we observe when we compare the treatment and control group are similar.
The control group and the treatment group have also similar patterns in the PISA 2003 and PISA 2009, the years we are using for the Mathematics analysis. The only exceptions are the proportion of girls and, above all, the ESCS index. In both cases, the indicator of the Region of Madrid increased whereas the one of the control group slightly decreased.
Econometric Methodology and Results
In order to estimate the impact of the introduction of a standardized exam in the region of Madrid on students' outcomes, we propose a diff-in-diff approach. We use as the outcome for student performance, the PISA scores of students. These are calculated using imputation methods, denoted plausible values (OECD, 2009). Thus, for a given year, the score of student i in school j is given by: The first column of the tables shows the estimation results without any control variables. This would be the raw average effect of our treatment. The second column includes individual characteristics of the students and the third and the forth columns add gradually school characteristics.
When we estimate the diff-in-diff without any covariates, the coefficient for the treatment is not statistically significant for both Reading and Mathematics.
However, results of the diff-in-diff estimation for Reading in Table 3 , columns (2)-(4) show a positive and statistically significant effect of our treatment on the PISA scores.
In the second column, when we control for individual characteristics of students, the coefficient of the treatment variable is positive and significant. 8 The inclusion of school characteristics in columns (3) and (4) In Table 4 we run the same estimations, but for Mathematics and using the scores in PISA 2003 and PISA 2009. Here, we do not find any impact of our treatment on students' performance. The coefficient switches from positive to negative from one specification to the other and it is not statistically significant in any of them. The lack of significance could be partly explained by the fact that we are using as student outcome PISA scores in a subject, which was the focus of , and Madrid was a major place of destination (it has about 18% of the immigrants and about 13% of the population). But our data can identify whether the student is immigrant and the number of immigrants vary enough between schools so that their effect is probably captured at the school level. This was also a period of rapid economic growth, which was not identical between regions, but the ESCS index has enough information about this variable at the individual level to properly control for the effect of economic data. Some other factors affect schools more directly. Madrid has a larger number of charter schools than other regions. Madrid has also increased the share of charter schools but this trend has been similar to the rest of Regions, if anything a little bit smaller. In any case since the identity of the schools is observable its effect can be controlled.
The only other important institutional reform in Madrid school in this period, beyond the introduction and publication of external exams, is the introduction of bilingual schools in the region, where English is a medium of instruction for at least one third of the school time. 9 Although this is clearly an important reform, it has been implemented only gradually starting from first grade, and the oldest students exposed to the program are now 13 years old. In addition, Anghel, Cabrales and Carro (2012) have not found significant effects of the program in either language or mathematics, and possibly a negative effect on natural and social science (the subjects taught in English).
Synthetic control method
In this section, we use the methodology proposed by Abadie and Gardeazabal (2003) and Abadie et al. (2010) , which applies synthetic control methods to comparative case studies. Their methodology is motivated by the fact that, in comparative case studies, the researcher is usually forced to find similarities between treated and non-treated units using observable characteristics, something that it is often difficult in practice. To solve this problem they propose to construct a combination of units for comparison purposes, since the combination will typically resemble the treated unit much better than any single unit alone.
In our case we construct a combination of Spanish regions that resembles the region of Madrid in terms of various characteristics before the treatment and we observe the evolution of this combination in the absence of treatment. This combination is called a synthetic control group. It is constructed by searching for a weighted combination of the untreated Spanish regions, in terms of various predictor variables, which are averaged over the entire pre-intervention period. According to Abadie et al. (2010) "because the choice of a synthetic control does not require access to post-intervention outcomes, the synthetic control method allows researchers to decide on study design without knowing how those decisions will affect the conclusions of their studies".
In We include in the list of predictor variables for calculating the weights the following variables: teacher/student ratio, ESCS school index, proportion of immigrants in the school, proportion of public schools in the region, proportion of private schools in the region, proportion of charter schools in the region, proportion of schools in cities (between 100.000 to about 1 million people), proportion of mixed families (students living with a mother and a guardian, with a father and a guardian or with two guardians), average age in the school, average learning time (in hours/week). All variables are averaged at region level and over the pre-intervention period (2000 and 2003) .
Using these predictor variables we construct the synthetic Madrid as the convex combination of regions, which most closely resembles the region of Madrid in the pretreatment period. Furthermore, we find affinities between the synthetic and the real Madrid in students' PISA outcomes as well. Education at a Glance, arrives to a similar conclusion in the latest 2012 edition: "students in school systems that use standards-based external examinations score 16 points higher, on average across OECD countries, than students in school systems that do not use these examinations (Education at a Glance, 2012, page 527). Our estimation is a little bit lower than the range found in the literature by Hanushek and Woessmann (2011) of 20% to 40% of the standard deviation (20 to 40 points in PISA). For Mathematics, however, the synthetic control group methodology does not work so well. The synthetic Madrid does not approximate very well the evolution of the real Madrid in 2000 and 2003, the pre-treatment period. In the post-treatment period, the synthetic Madrid is performing slightly better than the real Madrid. Nevertheless, the diffin-diff estimation showed no statistical impact in Mathematics.
We are aware of the limitations of our data in performing the estimation by using synthetic control methods. One of them is that since the PISA study started in 2000 and it is carried out each three years, we only have two years of pre-intervention data (2000 and 2003) , which complicates the calculation of the region weights for the synthetic control group. The result in Mathematics, where the synthetic Madrid is not so similar to the real Madrid in the years before the treatment can be partly explained by this fact.
Conclusions
This paper attempts to identify whether the implementation and publication of the results of external and standardized tests could have any impact on the performance of students. We use the fact that in the region of Madrid a standardized exam was first administered (and its results published) in 2004/05 to all 6 th grade primary students, while in the other regions of Spain, no such exam existed. Using a diff-in-diff strategy we find a positive effect in Reading of the order of 14 to 17 PISA points. The synthetic control method yields an effect that is very close in quantitative terms. Our results are in line with previous research in the area, but our study provides one important innovation, since the external exams in Madrid have no consequences for the students, so the effect has to come from the impact on teachers and school principals.
We have identified a possible effect in language, but not in mathematics. This is slightly surprising since many educational programs have observed effects that are larger in mathematics than in language (see e.g. Abdulkadiroglu et al., 2011) . A possible explanation may come from the different emphasis of the curricula of primary school education degrees in Spain with respect to other countries, but this question deserves a more thorough investigation, which we defer to further research.
